An in situ approach was used to identify the oxidized RNA nucleoside 8-hydroxyguanosine (8OHG) in the frontal cortex of familial Alzheimer's disease (FAD) with a mutation in presenilin-1 (PS-1) or amyloid B protein precursor (ABPP) gene (n = 13, age 47 -81 years). Neurons with marked 8OHG immunoreaction in the cytoplasm were widely distributed in the superior/middle frontal gyrus of FAD. Relative intensity measurements of neuronal 8OHG immunoreactivity showed that there was a significant increase in FAD compared with controls (n = 15, age 59 -81 years), while there was no difference in relative 8OHG between the PS-1 and the ABPP FAD. Interestingly, a presymptomatic case carrying a PS-1 mutation showed a considerable level of relative 8OHG, and the increased levels of neuronal 8OHG in FAD were more prominent in cases with a lower percentage area of AB42 burden. These results suggest that oxidative stress is an early event involved in the pathological cascade of FAD. D 2004 Elsevier Inc. All rights reserved.
Introduction
Numerous studies have now established the association of neuronal oxidative stress with major neurodegenerative disorders such as Alzheimer's disease (AD) (reviewed in Markesbery and Carney, 1999; Perry et al., 1998; Smith et al., 2000) and Parkinson disease (reviewed in Jenner, 1998; Zhang et al., 2000) . We have reported RNA oxidation in vulnerable neurons of sporadic type of AD (Nunomura et al., 1999 (Nunomura et al., , 2001 , Parkinson disease (Zhang et al., 1999) , dementia with Lewy bodies (Nunomura et al., 2002) , as well as Down syndrome (Nunomura et al., 2000) , which suggests links between oxidative stress and not only age-associated degenerative diseases but also neurodegeneration due to genetic factors.
In this study, we used an in situ approach to identify the oxidized RNA nucleoside 8-hydroxyguanosine (8OHG) in the cerebral cortex of familial AD (FAD) with a mutation in presenilin-1 (PS-1) or amyloid h protein precursor (AhPP) gene. Neurons with marked 8OHG immunoreaction in the cytoplasm were widely distributed in the cerebral cortex of FAD. Importantly, a presymptomatic case carrying a PS-1 mutation (Lippa et al., 1998) showed a considerable level of neuronal 8OHG. Moreover, semiquantitative analysis showed that increased levels of neuronal 8OHG in FAD were more prominent in cases with a lower amount of amyloid h (Ah), which was immunolabeled with an end-specific antibody for the Ah1 -42 (Ah42), as we showed in individuals with Down syndrome (Nunomura et al., 2000) . These results suggest that oxidative stress is involved in the pathological cascade of FAD especially as an early stage event of the cascade.
Materials and methods

Tissue
Brain tissue was obtained at autopsy from 13 clinically and pathologically confirmed cases of FAD according to the CERAD criteria (2 males and 11 females; ages 47 -81 years, average 59). Eleven females of the FAD group (ages 47 -81 years, average 59) were members of families possessing a PS-1 gene mutation and the other two males of the FAD group (ages 57 and 58 years) were members of families possessing an AhPP gene mutation. Mutations in PS-1 gene in these subjects were found on M146L (n = 1), A246E (n = 4), L286V (n = 1), and C410Y (n = 5), and mutations in AhPP gene were found on KM670, 671NL (Swedish mutation; n = 1), and A692G (Flemish mutation; n = 1). All these FAD subjects died from pneumonia except for a case whose information about cause of death was not available. Another 51-year-old male 
